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Abstract

Detection of noise (anomaly or outlier) from flow data in water
distribution networks (WDNs) is implemented in data
preparation and prepossessing to achieve reliable historical
data. This improves the assessment and management of
leakage and helps the efficient operation of the network. The
main objective of this paper is to develop a new methodology
based on unsupervised learning methods for noise detection in
a flow data set in water distribution networks. The developed
methodology includes three steps 1- required data acquisition,
2- data validation and normalization, and 3- anomaly or outlier
detection using the density-based spatial clustering of
application with noise (DBSCAN) algorithm. The proposed
methodology is applied for inflow data into a zone in Tehran's
urban water distribution network which has 15-min reading
intervals for the year 1394 (April 2015-March 2016)). The
results showed that the developed methodology is capable in
detection of anomalies caused by different types of pipe breaks
and unusual legitimate consumption such as water usage due
to changes in water consumption pattern or unauthorized
consumption. Therefore, this methodology can be used as an
applied and flexible tool for flow data monitoring and
detecting and eliminating different types of outliers.
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« Inflow data validation

Step 2: Data Validation and Normalization

*Normalizing data for the same and regular intervals

Step 3: Outlier Detection

(DBSCAN) algorithm parameters

*Outlier interpretation

« Estimation of density-based spatial clustering of application with noise

+Outlier detection using the DBSCAN algorithm

Fig. 1- The proposed methodology for outlier detection for a flow data set
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Fig. 2- Graphical presentation of the relationship between two points in DBSCAN algorithm, a) Directly
density reachable for MinPts= 4, b) density reachable for MinPts= 7 and c) density connected for MinPts= 7
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DBSCAN Clustering (¢ = 12, MinPts = 4, Number of Noise = 55)
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Fig. 12- The graphical presentation of the obtained results in accordance with the DBSCAN algorithm
determined parameters for inflow data set in the study area MinPts=4 and g=12
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DBSCAN Clustering (¢ = 15, MinPts = 6, NumOfNoise = 57)
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DBSCAN Clustering (e = 19, MinPts = 10, Number of Noise = 56)
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Fig. 13- The graphical presentation of the obtained results in accordance with the DBSCAN algorithm
determined parameters for inflow data set oinf the study area a) MinPts= 6 and &= 15, b) MinPts= 10 and &=
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